The appropriate nutrient supply via fertilization is essential for an adequate plant growth and development. The objective of this study was to evaluate the structural characteristics and chlorophyll index of Marandu and Xaraes grasses fertilized with wood ash. The experiment was conducted in a greenhouse; the experimental design was entirely randomized, with 12 treatments and six replications arranged in a 2 × 6 factorial scheme: two forage grasses (Marandu and Xaraes) and six wood ash doses (0; 3; 6; 9; 12; and 15 g•dm −3 ). Each plot was composed of pots with 7 dm 3 soil and five plants. Soil moisture was maintained by the gravimetric method at 60% of the maximum soil water retention capacity. Three harvests of the plant aerial part were performed at 30-day intervals. The evaluated characteristics were plant height, leaf number, tiller number, and chlorophyll index. Results were submitted to the variance analysis by F test and, after verification of the significant effects on Marandu and Xaraes characteristics, were also submitted to Tukey test; the wood ash doses were evaluated according to the regression analysis at 5% probability. Wood ash doses ranging from 10.15 to 15 g•dm −3 resulted in quadratic responses of plant height, leaf number, and tiller number for both Marandu and Xaraes grasses. The highest values of chlorophyll index derived from wood ash doses of 9.44 and 10.92 g•dm −3 , with increments greater than 50%, 25%, and 9% at the first, second, and third harvests, respectively. The wood ash, when used as a fertilizer, improves structural characteristics and increases chlorophyll indices of Marandu and Xaraes grasses cultivated in Cerrado Rhodic Hapludox.
Introduction
The nutrient supply via fertilization is important for appropriate plant growth, development, and chlorophyll index. Forage grasses do require nutrients for pasture production and persistence. The resulting wood ash from boilers presents these nutrients and has been an alternative fertilizer for several crops, such as leafy vegetables like lettuce [1] and rocket [2] , and grasses such as sorghum [3] and Marandu [4] - [6] .
The agricultural application of solid wastes derived from agroindustrial processing has been a relevant disposal strategy since the use of this byproduct as a fertilizer has been an important tool for improvement of soil fertility, thus crop production. Therefore, when it is properly supplied, it may result in increases of pasture productivity and quality.
However, the technical knowledge on this residue management and limiting factors to production must be considered, as well as doses, soil classes, and nutrient requirements by crops [7] ; when studying the effect of wood ash fertilization on Marandu grass cultivated in Cerrado Rhodic Hapludox, improvements are observed in its structural characteristics, such as height, leaf number, and tiller number that were promoted by the residue application.
Results of wood ash agricultural use as a soil corrective fertilizer indicated a significant increase in crop production [3] . Moreover, its use enables a reduction of fertilization costs since such residue is largely generated at agroindustrial centers for production of thermal energy.
These issues highlight the advantages of using this byproduct for fertilization and yield increase. The objective of this study was to evaluate the structural characteristics and chlorophyll index of Marandu and Xaraes grasses cultivated in Cerrado Rhodic Hapludox and fertilized with wood ash.
Material and Methods
The experiment was conducted in a greenhouse. The used soil, classified as Rhodic Hapludox [8] Characterized as a fertilizer by reference [9] , the wood ash used in this study originated from boilers of the food industry. Its characteristics are: pH (CaCl 2 ) = 10.90; N = 0.56%; P 2 O 5 [neutral ammonium citrate (NAC) + water] = 1.70%; K 2 O = 2.72%; Zn = 0.01%; Cu = 0.01%; Mn (NAC + water) = 0.00%; B = 0.02%; Ca = 2.70%; and S = 1.49%.
The experimental design was entirely randomized, with 12 treatments and six replications arranged in a 2 × 6 factorial scheme, with two forage grasses (Marandu and Xaraes) and six wood ash doses (0; 3; 6; 9; 12; and 15 g•dm −3 ). Each plot was composed of pots with 7 dm 3 soil and five plants. Wood ash was incorporated into the soil and incubated for 30 days. Soil moisture was maintained according to the gravimetric method at 60% of the maximum soil water retention capacity.
After soil incubation with wood ash, the grasses were sowed using 20 seeds per pot. Thinning was performed when seedlings reached height of 10 cm, remaining five plants per pot. Homogeneity and pot arrangement were also considered. After thinning, all experimental plots were fertilized with nitrogen (200 mg•dm −3 ), using urea as the source. The same fertilization was performed at each harvest; the first was carried out at plant thinning, and the second and third, after each harvest.
At the first plant growth cycle, after thinning, fertilization with the micronutrients boron, copper, zinc, and molybdenum was performed, which doses and sources were, respectively, 1.39 mg•dm −3 boric acid, 2.61 mg•dm −3 cuprous chloride, 2.03 mg•dm −3 zinc chloride, and 0.36 mg•dm −3 sodium molybdate. Three harvests of the plant aerial part were performed at 30-day intervals. The first was carried out 30 days after plant emergence. For each harvest, evaluations of plant height, leaf number, tiller number, and chlorophyll index were performed for both Marandu and Xaraes grasses.
Plant height was measured with the aim of a ruler from soil surface to the forage sward curvature, resulting in a plant mean per pot. The SPAD (Soil Plant Analysis Development) index, that determines the chlorophyll index, was obtained using the portable chlorophyll meter Minolta SPAD-502. A number of 10 readings were performed per experimental unit, placed on newly expanded diagnostic leaves (leaves +1 and +2), when light intensity conditions were appropriate; leaf veins were disregarded. The mean of the SPAD readings per each pot was used. Counting of leaves and tillers were carried out at plant harvest.
Results were submitted to the variance analysis by F test. After verification of the treatment significant effects on plant characteristics, data on the forage grasses were submitted to Tukey test, and on the wood ash doses, to the regression analysis, both at 5% probability, using Sisvar statistical software [10] .
Results and Discussion
There was interaction among forage grasses and wood ash doses for plant height, leaf number, and tiller number, for both Marandu and Xaraes grasses, at all evaluations, with the exception of plant height and tiller number at the second harvest ( Table 1) . Structural characteristics of both grasses were influenced; at the second harvest, higher leaf number was observed for Marandu grass, and greater plant height, for Xaraes ( Table 2) .
Plant height of Marandu and Xaraes grasses, according to the wood ash doses, indicates different nutritional requirements of same forage grass species in response to fertilization with this residue. It is important to mention that these differences may also be explained by Xaraes genetic characteristics, as it is an erect and taller plant. Possibly, these parameters were the most favorable factors that highlighted its height in comparison with Marandu [11] . We may also consider that Marandu grass presents a caespitose growth habit.
Regarding the wood ash doses, maximum heights of Marandu (90.17 cm) and Xaraes (87.94 cm) were observed, at the first harvest, for doses of 10.17 and 10.87 g•dm −3 , respectively, amounting to increments of 69.69% for Marandu and 65.18% for Xaraes (Figure 1(a) ). At the second harvest, maximum plant height (111.40 cm) was promoted by the wood ash dose of 10.15 g•dm −3 , with an increment of 53.68% (Figure 1(b) ). At the third harvest, the greatest heights (85.60 and 99.14 cm) were observed for the doses of 12.53 and 10.77 g•dm −3 , respectively, resulting in 35.79% increase for Marandu and 52.92% for Xaraes (Figure 1(c) ). Means followed by different letters in the column differ from each other by the Tukey test at 5% probability. The determination of plant height, among others, is an important characteristic for evaluation of the productive potential of forage grasses [12] . Furthermore, according to reference [13] , it is a relevant structural characteristic also for an appropriate management.
Considering the mean satisfactory heights for forage production [14] and significant increments, with a possible cost reduction in pasture management because of wood ash use as a grass fertilizer [7] , we also observed that the treatment with the lowest wood ash dose (3 g•dm −3 ) promoted a superior plant height to 50 cm (Figures  1(a)-(c) ).
Such occurrence may be possibly attributed to the residual effect of the wood ash fertilization, emphasizing that there was no further application at the second and third harvests. Therefore, such fertilization residual effect probably improved soil fertility conditions, promoting greater heights of both Marandu and Xaraes grasses.
At the first harvest, the greatest wood ash dose promoted an increase in Marandu leaf number of 78.67% when compared with the treatment that did not have the residue application. The greatest leaf production (124.55 leaves) by Xaraes grass was observed when it was submitted to the wood ash dose of 13.77 g•dm −3 , resulting in 83.27% increase (Figure 2(a) ).
The greatest leaf number of Marandu (245.84) and Xaraes (190.41) at the second harvest derived from the wood ash doses of, respectively, 14.25 and 12.75 g•dm −3 . Maximum leaf production resulted in increases of 89.85% for Marandu and 85.84% for Xaraes grasses (Figure 2(b) ). At the third harvest, the wood ash doses that promoted greatest leaf production (318.03 leaves for Marandu, and 213.41 for Xaraes) were 14.61 and 15.00 g•dm −3 , respectively, with increments of 84.88% for Marandu and 82.76% for Xaraes (Figure 2(c) ).
Significant increases of 47.58 and 39.56% in Marandu leaf number, evaluated along two growth cycles, respectively, were observed by reference [2] , who studied wood ash application effects, with doses that ranged from 0 to 3.75 g•dm −3 , and reapplications at each harvest. These increments are positive, once leaf number is a characteristic that enables leaf area renovation of forage grasses, aiming at the maintenance of grass production and perpetuation [15] . These aspects are also important when management is considered, as the formation of new leaves is an essential process for species survival as well as a substantial evaluation parameter of efficient soil coverage.
Regarding tiller number, greater production (43.13 and 37.97 tillers pot −1 ) was observed, at the first harvest, for the wood ash doses of 12.85 and 11.08 g•dm −3 , respectively, resulting in 92.98% increase for Marandu, and 91.04% for Xaraes (Figure 3(a) ). At the second harvest, maximum tiller production (53.94 tillers pot −1 ) was promoted by the greatest wood ash dose of the experimental interval (15 g•dm −3 ), with 86.10% increment (Figure 3(b) ). At the third harvest, there were increases of 78.60 and 76.00% for Marandu and Xaraes grasses, respectively (Figure 3(c) ).
Tiller number is, therefore, an indicative of grass vigor and persistence in pastures. The prominence of plant tiller formation is the main factor determining production; it directly depends on the plant growth stage [16] . Fertilization with wood ash did influence maximum tiller production of both Marandu and Xaraes grasses at the first and second harvests, contributing to more grass vigor and persistence; thus, our results validate the use of this residue to improve grass tillering and pasture perpetuation.
At all harvests, however, the use of wood ash as a fertilizer presented significant results of tiller production for both Marandu and Xaraes grasses. Therefore, it is necessary to emphasize that tiller production is a very important structural characteristic and serve as an indicative parameter of forage grass growth.
There was a significant interaction for chlorophyll index among forage grasses and wood ash doses only at the first harvest. At the second and third, the observed chlorophyll index means were 48.16 and 48.38 for Marandu grass, respectively, and 47.54 and 47.01 for Xaraes. We observed, however, that the chlorophyll indices at these harvests corroborated those (>50) obtained for Brachiaria brizantha by references [17] [18] .
In this study, at all harvests, results of chlorophyll index for both Marandu and Xaraes grasses were adjusted to a quadratic regression model.
At the first one, there was interaction among forage grasses and wood ash doses, with highest chlorophyll indices (53.57 for Marandu, and 56.28 for Xaraes) promoted by the wood ash doses of 10.77 and 10.92 g•dm −3 , respectively, with increments of 55.03% for Marandu and 68.86% for Xaraes when compared with the treatment that did not have any wood ash application (Figure 4(a) ). At the second, there was an isolated effect among factors; the wood ash dose of 9.44 g•dm −3 promoted the highest chlorophyll index (52.39) for both grasses, with 25.46% increase (Figure 4(b) ). And at the third harvest, the 9.65 g dm −3 dose promoted the highest chlorophyll index (49.13) for both grasses (Figure 4(c) ). The chlorophyll index of Marandu and Xaraes leaves, as a result of wood ash application, shows the importance of this residue as a nutrient supplier to forage plants since significant leaf production increments (above 85%) were observed in this study.
Reference [18] , when studying the nitrogen nutritional diagnosis of Aruana grass cultivated under controlled conditions, observed a quadratic response of chlorophyll indices of 52.6 at the first growth cycle. Reference [17] , when working with Marandu grass cultivated in a nutrient solution, also observed a quadratic response of the chlorophyll index, achieving 54.03 at 35 days of growth. In this study, chlorophyll indices observed at both first and second harvests corroborate those found by reference [17] [18] . 
